Abstract -The ultraviolet (UV) radiation response of the CaSO 4 :Dy pellets produced at IPEN/SP was studied using phototransferred thermoluminescence (PTTL). The PTTL characteristics of three different types of CaSO 4 :Dy pellets were investigated. The main parameters studied were: thermal treatments, post UV exposure storage time, PTTL response as a function of gamma dose, exposure time, radiant energy response and lower detection limits.
INTRODUCTION
UV radiation has been applied in different fields such as medicine, odontology and research, and the preoccupation with the security and exposure received by people and workers has increased.
For this purpose, the International Commission on Non-Ionizing Radiation Protection (ICNIRP) has proposed guidelines and recommendations for the limits of exposure to non-ionising radiation (1) . However, the measurement of UV radiation is performed by means of radiometers, which are very expensive instruments (2) . CaSO 4 :Dy has been shown to be an excellent dosimetric material for ionising radiation. It is also sensitive to non-ionising radiation, such as UV light and laser radiation (3, 4) . Due to this sensitivity, it can be applied in UV and laser radiation dosimetry and gamma dose re-evaluation by means of PTTL analysis.
This paper discusses the characterisation of CaSO 4 :Dy as a dosimetric material for UV radiation detection using the PTTL method.
MATERIALS AND METHODS
Three types of CaSO 4 :Dy Teflon pellets produced at IPEN were used (5) (6) (7) , that were called N (thickness: 0.8 mm and weight: 50 mg), F (thickness: 0.2 mm and weight: 20 mg) and G (thickness: 0.2 mm and weight: 20 mg with 10% graphite mixed) all of them of 6 mm diameter. The pellets were annealed before gamma irradiation at 300°C using different times, 3 and 15 h, and thermally treated at 300°C for 15 min before UV exposure in a microwave furnace MAS 7000 from CEM Co. A
60
Co source of 18 TBq was used for sample irradiation. The samples were always irradiated between 3 mm thick Lucite plates, in air, to guarantee a condition of electronic equilibrium.
The UV irradiation system consists of an Hg lamp, . Light emission was integrated in the temperature interval between 170 and 270°C.
The PTTL signal was extracted 24 h after UV exposure. The CaSO 4 :Dy pellets were stored in a lead shield at room temperature to avoid background signal interference.
RESULTS AND DISCUSSIONS

Annealing treatment
The samples N, F and G were each divided into two groups. One group was annealed at 300°C for 15 h before gamma radiation, while another group was annealed at 300°C for 3 h (these samples were called NЈ, FЈ and GЈ, respectively). Both groups were irradiated with a gamma dose of 20 Gy and exposed to UV radiation with a wavelength between 220 and 450 nm for 20 min with the distance UV source to sample being 15 cm. The results are shown in Figure 1 . The samples G and GЈ, as expected (7) , did not show PTTL response due their opaqueness.
The annealing treatment of 300°C for 15 h before gamma irradiation makes the CaSO 4 :Dy pellets more sensitive to UV radiation and two main peaks, at 250 nm and 310 nm, can be observed.
The N samples, considering the CaSO 4 :Dy mass ratio (50/20) ϭ2.5, presented higher sensitivity, so, the next measurements were carried out only with these samples.
Exposure time
The dependence of the PTTL response of CaSO 4 :Dy pellets, using a gamma dose of 20 Gy and UV wavelengths of 250 and 310 nm and irradiance of 15 W.cm Ϫ2 , on the exposure time was studied from 5 to 80 min and is shown in Figure 2 .
The observed results show that CaSO 4 :Dy exposed to 250 nm presents higher sensitivity and linear range than when exposed to 310 nm in the studied time range, and the saturation takes place after 80 min of UV exposure. In the case of 310 nm, saturation is observed after 30 min.
Thermal fading
Another important characteristic is the thermal fading of the PTTL response as a function of the storage time. The samples N were irradiated with a gamma dose of 20 Gy, exposed to a UV wavelength of 310 nm, with irradiance of 15 W.cm Ϫ2 for 20 min. It was observed that the PTTL response stabilises after 1440 min (1 day) of storage at room temperature as shown in Figure 3 .
Gamma dose dependence
The dependence of the PTTL response as a function of gamma dose between 5 and 100 Gy was investigated and is seen in Figure 4 . The samples N were distributed in three groups: the first and second groups were gamma irradiated and exposed to 310 nm UV radiation for , while the third group was not exposed to UV radiation, it was only exposed to gamma radiation. The obtained results are shown in Figure 4 .
It can be seen that for longer UV exposure time, the PTTL response is linear in the gamma dose range studied. This occurs because the radiant energy increases proportionally with the UV exposure time and, consequently, the charge carriers trapped will get to surpass the potential barrier of the deep trap.
After this experiment, the samples that received gamma doses above 50 Gy had the sensitivity increased by a factor 2. This confirms that high gamma doses influence the PTTL response (8) .
Radiant energy
The dependence of the PTTL response as a function of radiant energy was studied and is seen in Figure 5 . The CaSO 4 :Dy pellets were irradiated with a gamma dose of 40 Gy and were exposed to constant irradiances of 15, 80 and 150 W.cm
Ϫ2
. This behaviour of sub-linearity and saturation at given radiant energy was also observed in CaF 2 :Tb 3+ , except for the difference between the dependence of PTTL response and the irradiance found for CaSO 4 :Dy (9) . ).
Lower limit of detection
The lowest gamma dose, for which there is still detectable PTTL response, was studied. CaSO 4 :Dy pellets were irradiated with 5, 25, 50 and 75 mGy and exposed to UV radiation (310 nm, 15 W.cm Ϫ2 ) between 1 and 120 s. The lowest detectable PTTL glow curves were obtained for exposures of 30 s, as shown in Figure 6 .
A calculation of the lowest gamma dose was performed using the following equation:
where TL(0R) is the average TL measurement for unirradiated CaSO 4 :Dy pellets given in nC, is the standard deviation from the mean and f c is the calibration factor, or angular coefficient, for the samples exposed for 20 min to 310 nm seen in Figure 4 , given in Gy.nC D min ϭ (0.185 ϩ 0.105) 0.020 Ϸ 6.0mGy (2) As seen in Figure 6 and calculated in Equation 2, for gamma doses smaller than 6 mGy, spurious response interferes in the PTTL glow curve. It is also seen that the lowest gamma dose where the charge carriers are transferred from the deep traps to the traps of the peak at 220°C is 50 mGy.
Lowest radiant energy detection
The radiant energy threshold was studied. The samples were irradiated with a gamma dose of 50 mGy and exposed to UV radiation (310 nm) with radiant energies between 50 and 1000 J.cm
Ϫ2
. The results are seen in Figure 7 .
It is observed that by increasing the irradiance, the radiant energy threshold decreases. This occurs due the photon's higher energy that arrives on the surface of the material, causing the detrapping of most charge carriers from the deep traps (10) .
CONCLUSIONS
These results show that CaSO 4 :Dy Teflon pellets present a good PTTL performance for use in UV dosimetry. It is important to emphasise that the heating treatment has a great influence on the PTTL sensitivity response, once peaks appear when the heating time is increased.
The PTTL responses as a function of UV exposure time, for 250 nm, and gamma dose, for 310 nm, are linear in a large range, which can make its use easier as a dosemeter for UV radiation, but a negative point is shown by the sub-linearity of PTTL response to radiant energies higher than 20 mJ.cm Ϫ2 and a similar behaviour of dependence of irradiance was observed both for high radiant energies and to radiant energy threshold, which can disturb quantitative dosimetry. 
